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Epidemiological	 studies	 of	 caries	 have	 been	 undertaken	 for	many	 decades	 and	 some	 of	 the	 data	
available	 through	 WHO	 and	 other	 organisations	 gives	 an	 impression	 that	 we	 have	 plentiful	
comparable	global	data.	However,	in	order	to	evaluate	and	plan	policy,	epidemiology	should	provide	
data	 meeting	 the	 following	 specification:	 timely,	 accurate	 and	 understandable	 data	 for	 key	 age	
groups	 on	 the	 total	 amount	 of	 disease	 present	 (prevalence),	 the	 rate	 of	 disease	 progression	
(incidence)	 and	 disease	 trends	 over	 time.	 In	 addition,	 information	 on	 variations	 in	 disease	 levels	
between	 and	 within	 countries,	 including	 the	 estimates	 and	 trends	 in	 health	 inequalities	 (that	 is,	
differences	 in	health	status	between	groups	within	populations),	are	needed.	However,	we	do	not	
currently	have	accurate,	up–to-date,	 clinically	meaningful	 information	across	 the	globe	 that	meets	
these	specifications.	Dental	caries	is	still	a	neglected	topic,	despite	the	acknowledgment	of	the	WHO	
that	is	still	a	major	health	problem	in	most	industrialized	countries,	where		60-90%	of	children	and	
























Traditionally,	 low	 caries	 prevalence	 has	 been	 observed	 in	 the	 developing	 countries,	 whereas	 the	
prevalence	is	higher	 in		developed	countries.3	This	geographic	situation	has	become	more	complex	
due	 to	 speed	 of	 economic	 development	 and	 rapid	 changes	 in	 habits	 and	 diet	 in	many	 countries.	
Although	 there	 might	 be	 gender	 or	 ethnic	 differences,	 they	 are	 minor	 compared	 with	 by	 sugar	
consumption,	lifestyle	and	economic	differences.		
	
The	 traditional	 global	 index	 used	 to	measure	 caries	 in	 epidemiological	 studies	—	 but	 not	 clinical	
practice	—	 is	 the	DMF	 (Decayed,	Missing	and	Filled)	 index,	which	 is	a	numerical	 count	of	affected	
teeth	per	individual	collected	at	either	the	Tooth	(DMFT)	or	tooth	Surface	level	(DMFS).	The	count	of	
DMFT	for	an	individual	or	group	records	their	caries	experience	(that	is,	the	total	of	both	current	and	





methodologies	 and	 optimising	 them	 for	 use	 in	 epidemiological	 field	 work,	 while	 also	 keeping	














were	 found	 to	 be	 highly	 prevalent,	 affecting	 approximately	 3.9	 billion	 people	 worldwide.	 The	
methodology	used	in	this	major	study	is	useful	because	it	allows	comparison	with	other	diseases	in	
terms	 of	 burden,	 but	 also	 novel	 from	 a	 caries	 epidemiology	 since	 it	 does	 not	 use	 the	DMF	 Index	
		 7	


























































































































































accepted	 as	 the	 most	 plausible	 explanations	 of	 the	 microbial	 aetiology	 of	 caries	 (Figure	 4).	 The	
original	‘ecological	plaque	hypothesis’	recognized	the	consistency	of	bacterial	function	(that	is,	rapid	
acid	 production	 and	 tolerance	 of	 the	 acidic	 conditions	 generated)	 in	 the	 absence	 of	 specificity	 in	
bacterial	name,	and	emphasized	the	essential	requirement	of	a	caries-conducive	environment	(that	
is,		sugar-rich	diet	and/or	low	saliva	flow).	Microorganisms	with	traits	that	are	relevant	to	caries	can	
be	 present	 in	 biofilms	 on	 sound	 enamel,	 but	 at	 a	 level	 or	 activity	 that	 is	 too	 low	 to	 be	 clinically	
relevant42.	Caries	is	a	consequence	of	an	unfavorable	shift	in	the	balance	of	the	resident	microbiota	
driven	by	changes	in	the	dental	environment.	The	regular	exposure	of	plaque	to	fermentable	dietary	
sugars	 results	 in	 repeated	 conditions	 of	 low	 pH	 in	 the	 biofilms	which	will	 favour	 the	 growth	 and	
metabolism	of	acid-tolerating	bacteria	while	inhibiting	beneficial	organisms	that	preferentially	grow	
at	neutral	pH.	 Implicit	 in	 this	hypothesis	 is	 the	concept	 that	disease	can	be	controlled	not	only	by	
directly	 inhibiting	 the	 implicated	 bacteria	 but	 also	 by	 interfering	 with	 the	 factors	 that	 drive	 the	
deleterious	shifts	 in	the	microbiota	(that	 is,	 reducing	the	amount	and	frequency	of	sugar	 intake	to	
prevent	 acidic	 conditions,	 or	 promoting	 the	 use	 of	 snacks	 containing	 alternative	 sweeteners	 that	
cannot	 be	 metabolized	 to	 acid	 by	 oral	 bacteria)42.	 The	 ecological	 plaque	 hypothesis	 has	 recently	
been	 developed	 further	 to	 reflect	 the	 ability	 of	 some	 oral	 bacteria	 to	 adapt	 to	 acid	 stress	 during	
regular	 and	prolonged	 conditions	 of	 low	pH	 [the	 ‘extended	 caries	 ecological	 hypothesis’]43.	 Again,	














































































































































associated	with	 increased	 caries	 risk	 or	 caries	 protective	 factors.	 This	 includes	 assessment	 of	 the	
medical	history,	and	 the	 relevant	social	history,	 for	example	where	 the	patient	 is	born	and	raised,	
the	 present	 residence,	 education	 level,	 and	 occupation.	 Finally,	 the	 patient	 is	 asked	 about	 diet	
conditions	 in	terms	of	amount	of	sugar	 intake	and	frequency	per	day,	number	of	 in	between	meal	




such	 risk	 assessment	 is	 Cariogram78	 ,	 for	which	 there	 is	more	 evidence	 than	 for	many	 alternative	
systems;	 studies	 have	 shown	 moderate	 accuracy	 on	 children	 and	 young	 adults79.	 Others	 include	
CAMBRA	and	other	 risk	 factors	questionnaires	 from	a	number	of	Universities	are	alternatives.	The	
Cariogram	uses	9	predicators	 in	 its	 full	 form:	DMFT,	related	diseases,	diet	content,	diet	 frequency,	
amount	of	plaque,	levels	of	mutans	streptoccocci,	fluoride	use,	saliva	secretion,	and	buffer	capacity.	
A	 low	score	(0,1)	 indicates	that	a	particular	predictor	contributes	to	 low	risk,	whereas	a	high	score	
(2,3)	to	high	risk,	an	overall	risk	can	be	estimated,	if	the	patient’s	profile	remains	stable78.		
	
The	risk	assessment	(independent	of	how	it	 is	derived)	can	be	built	 later	 into	the	ICCMS	caries	risk	
likelihood	matrix49,50	,	which	combines	clinical	caries	activity	with	risk	level	assessment.	Eventually,	it	
is	possible	 to	assess	 if	 the	patient	 is	 in	 low,	moderate	or	high	 risk	of	 getting	more	new	 lesions	or	
progression	of	 the	existing	 caries	 lesions,	within	 the	next	 few	years.	 The	 risk	of	developing	dental	





In	order	to	 find	and	assess	any	caries	 lesions	on	 individual	 tooth	surfaces,	a	clinical	examination	 is	
performed	 (the	detect	and	assess	element	of	 the	 ICCMS	4D	methodology).	The	goal	 is	 to	 find	any	
caries	 lesions	 present	 and	 assess	 their	 severity,	 activity	 and	 the	 risk	 factors	 at	 the	 tooth	 level.	
Assessments	can	include	saliva	secretion	(and	in	some	countries	buffer	capacity	and	the	presence	of	
mutans	 streptococci	 is	 measured).	 Whilst	 these	 latter	 tests	 are	 deemed	 to	 have	 some	 value	 in	
		 17	


















a	 blunted	 probe	 is	 run	 over	 the	 lesions,	 whether	 the	 lesion	 is	 matte	 or	 shiny,	 cavitated	 or	 non-
cavitated;	and	finally,	if	the	lesion	is	located	along	the	gingival	line	and		whether	the	gingiva	bleeds	
after	probing	or	not.	If	the	lesion	has	more	of	the	following	characteristics	(plaque	stagnation	area,	







radiography	 became	 available	 (Figure	 6B).	 However,	 there	 is	 a	 delicate	 balance	 to	 be	 struck	 in	
balancing	the	diagnostic	benefit	against	the	small	but	real	risks	of	using	ionizing	radiation	electively.	









reasonably	 achievable	 and	 to	 use	 other	 diagnostic	 information	 where	 available	 to	 minimize	





site	 of	 caries	 attack	 cannot	 be	 visualized	 directly,	 radiographic	 information	 can	 be	 pivotal	 in	
assessing	 the	 extent	 of	 caries	 lesions	 in	 terms	 of	 depth	 towards	 the	 dental	 pulp.	 However,	 this	
information	has	to	be	combined	with	knowledge	about	caries	activity	status	and	overall	caries	risk	
when	 integrating	 all	 information	 into	 a	 personalized	 care	 plan	 including	 decisions	 to	 treat	 non-
operatively	 or	 operatively	 (the	 D	 for	 Decide	 in	 the	 4D	 System).	 Other	 situations	 where	 the	
radiographic	 information	 can	 be	 invaluable	 include	 suspicious	 occlusal	 fissures	 where,	 in	 a	 high	
fluoride	environment,	an	apparently	small	 lesion	may	on	occasion	extend	radiographically	 into	the	
inner	dentine.	These	examples	highlight	the	importance	of	combining	and	integrating	the	clinical	and	
the	 radiographic	 information	 in	order	 to	be	 able	 to	make	accurate	diagnoses	 from	which	 to	build	
appropriate	 care	 plans.	 Recall	 frequency	 for	 both	 clinical	 and	 radiographic	 examination	 should	 be	
decided	on	an	individualised	basis,	according	to	caries	risk.	
	



















































[H3]	Mechanical	 blocking.	 Clinical	 evidence	 shows	 that	 non-cavitated	 lesions	 on	 occlusal	 surfaces	
can	 be	 arrested	 with	 resin-based	 fissure	 sealants102.	 Extrinsic	 substrates	 are	 blocked	 as	 acids	
produced	by	the	biofilm	cannot	reach	the	enamel	and	the	number	of	bacteria	in	the	carious	dentine	
is	reduced.	The	procedure	requires	strict	dry	conditions	and	the	sealants	must	be	regularly	checked	
and	maintained.	 A	 related	 technology	 to	 arrest	 proximal	 lesions	 is	 resin	 infiltration	 of	 the	 dentin	
layer	103.	Lesions	limited	to	the	outer	third	of	the	dentin	are	treated	with	a	resin	that	penetrates	and	
repairs	 subsurface	 pores.	 Although	 long-term	 results	 are	 lacking,	 it	 seems	 clear	 that	 the	 micro-
invasive	treatments	display	lower	long-term	costs	than	invasive	therapy104,	105.	
	
[H3]	 Fluorides.	 Self	 and	 professionally	 applied	 fluorides	 can	 remineralise	 and	 arrest	 caries	 lesions	









Extensive	 lesions	 are	 still	most	 commonly	 subjected	 to	 classical	 standard	 care;	 the	 demineralized	
tissues	are	completely	removed	and	replaced	with	a	filling	material.	However,	the	development	of	
adhesive	 techniques	 without	 need	 of	 mechanical	 retention	 (that	 is,	 composite	 resins	 or	 tooth-
		 21	
coloured	 mixtures	 of	 plastic	 and	 glass)	 has	 allowed	 dentists	 to	 adopt	 a	 more	 tooth-preserving	
approach.	Yet	 low-quality	evidence	suggests	 that	 resin	composites	 lead	 to	higher	 failure	 rates	and	




the	 lesions	 are	 removed.	 Systematic	 reviews	 have	 concluded	 that	 this	 approach	 reduces	 the	
incidence	of	pulp	exposure	and	favor	caries	arrest	and	tertiary	dentin	formation	(that	is,	laying	down	
new	protective	dentine	 in	 response	 to	 an	 advancing	 caries	 lesion	 in	 both	primary	 and	permanent	
teeth)100,111.	Although	these	techniques	show	clinical	advantage	over	complete	caries	removal,	 it	 is	
too	early	to	recommend	certain	clinical	strategies.	It	must	also	be	underlined	that	the	decayed	teeth	
must	 be	 vital	 and	 free	 from	 symptoms.	 Furthermore,	 the	 success	 depends	 on	 an	 appropriate	
restoration	that	completely	seals	the	tooth	and	keeps	remaining	bacteria	in	the	deeper	dentin	layers	
dormant.	 A	 disputed	mode	 of	managing	 advanced	 asymptomatic	 lesions	 in	 primary	molars	 is	 the	
Hall-technique112.	The	tooth	is	not	prepared	in	the	conventional	way,	but	is	covered	by	a	preformed	





















































The	 final	 element	of	 continuing	 caries	 care	 is	 to	estimate	when	 the	patient	needs	 to	 come	 to	 the	
clinic	 again,	 and	 this	 depends	 on	 the	 patient’s	 age	 and	 actual	 caries-risk	 status.	 It	 is	 no	 longer	
deemed	 appropriate	 that	 all	 patients	 should	 be	 recalled	 every	 six	months.	 If	 the	 risk-assessment	
indicates	low	risk,	the	next	visit	can	be	postponed	more	than	one	year	for	adults,	moderate	to	high	













































































































































































































































































classification	systems	are	used	 in	epidemiological	 research	on	dental	caries,	 results	depend	on	the	
detection	 threshold	 employed.	 The	 so-called	 iceberg	metaphor	 for	 caries	 is	 illustrated	 graphically.	
The	 tip	of	 the	 iceberg	 is	 represented	by	 the	11%	of	children	with	obvious	cavitated	dentine	decay	
(which	is	the	WHO	Basic	Surveys	convention).	As	lesions	with	obvious	visual	decay	in	dentine,	clinical	
cavitated	decay	in	enamel	and	clinical	visual	decay	in	enamel	are	added	the	proportion	of	children	
with	dental	caries	is	seen	to	increase	12,13	 	 ;	 in	 this	example	to	21%,	25%	and	52%	respectively14.,	Data	are	















Figure	 5:	 Overview	 of	 the	 ICCMSä	 system	 with	 its	 four	 key	 elements.	 The	 International	 Caries	
Classification	and	Management	System	 (ICCMS)	 is	 a	health	outcomes	 focused	 system	 that	aims	 to	
maintain	 health	 and	 preserve	 tooth	 structure.	 It	 uses	 a	 simple	 form	 of	 the	 “ICDAS”	 caries	
classification	 model	 to	 stage	 caries	 severity	 and	 assess	 lesion	 activity	 in	 order	 to	 derive	 an	
appropriate,	 personalised,	 preventive,	 risk-adjusted,	 tooth	 preserving	management	 plan.	 The	 four	
key	steps	in	this	4D	model	are:	determine	patient	level	caries	risk	through	a	targeted	history;	detect	
and	assess	caries	lesion	severity	and	activity;	decide	on	a	personalised	caries	care	plan	with	elements	
at	 both	 the	 whole	 patient	 and	 at	 the	 specific	 tooth	 levels;	 and	 then	 do	 the	 appropriate	 tooth-
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